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FOREWORD 


Activities  and  efficiency  of  Army  personnel  and  the  adequacy  of  Army 
nateriel  are  often  conditioned  by  the  maximum  ambient  temperatures  that 
may  be  encountered.  In  general,  it  ie  not  enough  to  knew  the  absolute 
maximum  that  has  occurred  through  a  series  of  years.  It  is  more  signif¬ 
icant  to  knov  hov  frequently  given  critically  high  temperatures  may  be 
expected.  Since  daily  high  temperature  frequency  tabulations  are  not  as 
a  rule  available,  it  is  desirable  to  devise  a  method  for  predicting  these 
high  temperature  frequencies  from  available  temperature  BUMaaries.  The 
following  study  presents  a  method  whereby  the  frequency  of  specified  high 
temperatures  may  be  predicted  with  considerable  confidence  when  the  only 
temperature  items  available  are:  (l)  the  absolute  maximum  temperature, 
(2)  the  mean  daily  maximum,  (3)  the  mean  daily  minimum,  and  (h)  the 
length  of  record. 
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ABSTRACT 


The  frequ^ncj  and  distribution  of  daily  mmcI— »  twyratures  for  any 
given-*sunaerTr>i south  (Msy- September  in  northern  hemisphere )  nay  be  pre¬ 
dicted  vith  a  considerable  degree  of  confidence  when  only  suaaariied  data 
are  available  by  use  of  a  Multiple  noaograph.  The  nomograph  and  asso¬ 
ciated  table  represent  45  converted  naan  daily  maximum  temperatures, 
hav  ag  values  from  36  to  8C,  each  of  which  is  associated  with  a  unique 
numerical  pattern  of  converted  predictive  teaperatuxe  values.  The  con¬ 
verted  mean  daily  naxieun  temperature  nay  be  co^uted  from  the  1  allow  jag 
four  items  usually  found  in  climatic  turneries: 


y  (l)  the  ahnftlnty  H|ri»m 
S~(£)  the  mean  "dally  Mucinuiy 
CyfT  ffie  iasan  dally ~minlmuj^ 

_  {  P*/  ABTIsHgth  of  recordTy 

H  Values  on  tha  nonograph  have  been  determined  by  a  detailed  study  of  the 
frequency  occurrence  of  daily  ■ulna  through  a  IC-year  period  for  Jfey, 
July  and  8sptn#ier  at  twelve  representative  ■  tat  iocs.  The  method  readily 
lends  Itself  to  machine  processing. a 

At  the  end  of  the  report  is  an  ertra  copy  of  both  the  nomograph  and 
the  associated  table,  for  easy  withdrawal  and  use  in  on  ng  prediction 
problems . 
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A  METHOD  FOR  PREDICTING  THE  PROBABLE  FREQUENCY  OF  OCCURRENCE 
OF  DAILY  MAXIMUM  TEMPERATURES  FROM  SUMMARIZED  DATA 


Introduction 


A  method  is  presented  here  for  predicting  daily  maxi  mi  temperature- 
and  frequencies  for  any  given  suaaer  month  from  four  items  of  summarized 
date,  namely: 

the  absolute  maximum  (AbMx)*  for  the  month 
the  mean  dally  marl  raan  f  MDMic) 
the  mean  dally  mlnlmm  (MDKL) 
the  length  of  the  record. 

The  uniqueness  of  the  method  is  the  -rsy  In  which  four  itan*  In  a  summary 
record  may  be  used  to  reveal  the  pattern  of  asyasoetry  of  the  frequency  end 
distribution  of  daily  maximum  temperatures  for  any  given  warm-season  month 
(Fig. 2  and  Table  III,.  The  method  does  not  require  the  use  of  mathemati¬ 
cal  models,  but  depends  upon  forty-five  frequency  patterns,  determined 
empirically,  each  of  which  is  identified  by  the  aayt  rtrical  position  of 
the  mean  dally  maximum  (tOfec)  between  the  absolute  matlxsas  (AbMc),  and  the 
mean  daily  minimal  (MM.)  when  the  temperatures  are  ell  converted  to  a 
100-unit  scale.** *** 


PART  I  -  COVBAOS  AND  PROCDKSOO 
1.  Records  used  -  area  and  time  coverage 

For  purposes  of  this  study,  the  dally  maxima  temperatures  (DMc)  for 
three  "summer "*•*  months  (Jfcy,  July  and  September,  19*^6-1955 )  from  twelve 
representative  weather  stations  in  the  United  States  underscored  In  Figure 
1  were  used  —  36  records  in  all.  Temperature  data  from  the  underscored 
stations  were  frequency  tabulated  by  the  U.S.  Air  Weather  Service,  Data 
Control  Unit.  The  records  iron  the  other  stations  aark»d  In  Figure  1  were 
used  to  test  the  reliability  of  the  method. 


*8ee  Abbreviations  and  Glossary,  Appendix  A. 

••Conversion  to  the  100-unit  scale  is  explained  in  connection  with  Table 
I.  Also  see  references  **  and  5* 

***Ic  this  report  a  "summer  month"  is  considered  one  of  the  5  or  6  warmer 
months  of  the  year.  Also,  all  temperatures  are  In  Fahrenheit. 


STATIONS  USED  IN  CONSTRUCTING  AND  TESTING  THE  MULTIPLE 


2. 


Compiling  and  tabulating  the  data 

The  tabulated  data  for  the  36  mouths  were  assembled  into  tables  sim¬ 
ilar  to  the  one  for  May  at  Aberdeen,  Maryland,  Table  X.  It  should  be 
noted  that  the  Essential  Temperature  Data  in  columns  1,  2,  and  3,  line  c 
(95*?,  7*+*F  and  53*F)  are  the  only  temperatures  needed  to  assess  the  prob¬ 
able  temperature  that  will  be  equaled  or  exceeded  through  the  indicated 
number  of  years  up  to  100. 

However,  the  Frequency  Data  on  the  same  line  (83  F,  85  F,  etc.,  to 
95  F)  for  36  months  at  the  other  stations  (3  different  months,  12  stations) 
were  needed  to  construct  the  nomographic  device  featured  in  this  study. 

An  understanding  of  Table  I  can  greatly  help  in  the  discussion  that  follows. 


Converting  conventional  data  to  the  100 -unit  scale 


Conventional  tenperatnre  values  (Fahrenheit  or  centigrade)*  cannot 
be  used  directly  on  the  nomograph.  It  is  adapted  only  to  the  use  of  "con¬ 
verted"  values,  that  is,  values  that  have  been  charged  from  conventional 
measures  (Fahrenheit  or  centigrade)  to  a  100-unit  scale.  The  predicting 
is  done  In  converted  scale  values,  which  are  then  converted  hack  to  con¬ 
ventional  (F.  or  C.)  measures.  For  example,  the  Essential  Data  for 
Aberdeen,  Ifer/land,  were  assembled  as  given  in  Table  I,  columns  1,  2,  3, 
line  c.  Essential  Data  are: 

(l)  10-year  Absolute  Maximum  (AbMx)  95*? 

10-year  Mean  Daily  tfaxiaun  (MDMx)  7^*? 

10-year  Msan  Daily  Minimum  (MDMi)  53*F 


(2)  Under  Frequency  Data  (line  c,  colussis  5-10)  ore  given  the  10- 
year  frequency  occurrence  or  daily  maxima  (*F)  for  six  different  time  inter¬ 
vals,  e.g.. 


83*F  daily  maxima  occurred  an  average  of  5 

n  m  n  n  it  n  ^ 

89*F  "  "  "  "  "  "  i 

93*?  w  1*  »»  »»  *»  »«  2 

94*F  '•  "  "  "  "  "  1 

^•|i  11  »i  n  n  n  n  ^ 


Fllote :  Fahrenheit  values  are  used  exclusively  In  the  problems  in  this 
report. 
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The  Aberdeen  record  (in  line  c  Table  7.)  was  converted  to  a  100-unit 
scale  as  follows: 

(1)  Reduce  each  value  in  line  c  by  subtracting  from  it  the*  MDM1, 

53®F  (line  d).  Thus  in  line  e  - 

the  Reduced  AbMs  becomes  42*F 
"  "  Matt  "  21*  F 

"  "  !©M5  "  0*? 

(2)  In  order  to  convert  to  the  100-unit  scale  (line  f),  the  reduced 
AbMs  (42*F)  or  temperature  range  between  the  MDMi  and  AbMc,  is  changed  to 
100  and  the  MDMi  (col.  3)  becomes  zero  (0). 

Now  where  do  each  of  the  other  items  (columns  5  through  10)  in  line 
e  fit  into  the  100-unit  scale?  Multiply  each  by  100  and  divide  by  12. 
TConvcrslon  formula.:  multiply  by  100  and  divide  by  the  reduced  AbMc. ) 

Thus  each  Fahrenheit  temperature  in  line  e  is  proportional  to  its  corre¬ 
sponding  converted  value  (CFT)  in  the  100-unit  scale  in  line  f . 

It  should  be  noted  here  that  CMWbc  50  (Column  2)  is  the  key  to  the 
frequency  distribution  (converted  scale)  of  daily  temperatures  in 

May  at  Aberdeen,  Maryland.  However,  it  was  found  that  from  station  to  sta¬ 
tion  and  month  to  month  the  asymmetrical  (skewed)  position  of  the  CMEMx 
ranges  widely',  in  fact  from  38  (Minneapolis  in  Miy)  *■_  75  (Yuma  in  Sepfcenfcer) 
on  the  10C-unit  scale  (Table  n,  the  two  underscored  Crate's).*  In  other 
words,  the  position  of  the  CMEMx's  between  0  and  100  on  the  converted  scale 
is  the  measure  of  the  asymmetry  and  furnishes  the  pattern  of  the  distribu¬ 
tion  of  daily  maximum  tenperatures  between  the  CAbMz  (100)  and  the  CMDKL  (0). 

4.  Some  assumptions  basic  to  the  method 

a.  The  frequency  distribution  of  Daily  Maximum  temperatures  for  the 
present  and  future  are  reliably  related  to  tenperature  distribution  of  the 
past. 


b.  The  asymmetrical  position  of  the  Mean  Daily  Maximum  tesperature 
between  the  Absolute  Mudmua  and  Mean  Daily  Minima:  furnishes  nearly  50 
patterns  of  -Hstrlbutlon,  one  of  which  may  be  found  to  be  satisfactory  for 
any  station  for  any  of  5  warm  months. 

c.  The  Mean  Sally  tjudjgm  temperature  for  any  station  through  10  or 
more  yeura  is  a  near  constant. 


•^'  extrapolation,  the  range  of  QCMc  was  extended  downward  to  36  and  up¬ 
ward  to  oO.  (See  Fig.  2  and  Table  HI) 
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TABLE  II:  FAIRED  CONVERTED  TEMJSiATWS  VALDES  USED  KR 
THE  CONSTRUCTION  OP  THE  (HE  MI  I®  M3HE 
PREDICTION  LINE  (lO  OATS  IN  310) 


CMDMx 

CFT 

CMMc 

CPT 

Aberdeen,  Ml. 

Kansas  City,  Mo. 

May 

50* 

8 6* 

May 

b3 

7b 

Tuly 

57 

89 

July 

53 

90 

Sept 

51 

85 

Sept 

45 

83 

Shreveport,  La. 

Portland,  Ore. 

b3 

80 

May 

66 

93 

•toy 

July 

61 

91 

July 

b8 

85 

Sept 

58 

88 

Sept 

b7 

88 

Manchester,  N.H. 

Helena,  Mont. 

May 

b8 

70 

b9 

86 

July 

60 

87 

Ally 

6b 

93 

Sept 

53 

91 

Sept 

50 

90 

Minneapolis,  Minn. 

r 

7b 

Baker,  Ore. 

86 

May 

May 

51 

July 

91 

July 

67 

9b 

Sapt 

45 

89 

Sept 

58 

91 

Roswell,  N.  Max. 

Denver,  Ool. 

May 

■66 

88 

May 

53 

87 

July 

73 

90 

July 

66 

86 

Sept 

60 

87 

Sept 

67 

9b 

Mt.  Cleaeca,  Mich. 

Tusa,  Aria. 

**y 

b3 

89 

*jr 

62 

88 

July 

52 

85 

Jdly 

71 

89 

Sept 

b3 

80 

Sept 

is.** 

95 

*  According  to  a 

10-May  record  (310  days, 

Table  I),  Aberdeen 

had  a  CMMc 

teaperature  of  50,  and  1  day  in  31  (l/3l)  a  Converted  Frequency  Te^erature 
(CPT)  of  86  or  above,  but  below  95  (base  of  adjacent  tine  Interval,  ( l/93) - 
**  Underlined  numbers  3&  and  73  represent  the  lowest  and  hlgbect  CMDMc  for  the 


36  records  (3  nontha  at  each  of  12  stations). 

Note:  The  CPT 'a  becea*  CRT's  when  generalised  in  the  Holograph  and  Sable  Til. 

Note:  It  aist  be  pointed  out  here  that  12  of  these  sooths  have  30  days  each, 

and  2b  sooths  have  31  days  each.  Iks  Hosngreph  and  Table  III  integrated 
tbs  36  records  and  proceed  as  if  sach  nonth  has  31  days.  Of  course 
this  does  not  coincide  with  the  facts.  However,  the  error  is  assussd  to 
be  negligible. 
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d.  The  Mean  Dally  Minimus  tsnperature  for  any  station  through  10  or 
more  years  la  a  near  constant. 

e.  The  Dally  Maximum  temperatures  (DM c)  through  10  or  more  years 
(e.g.,  310  May  days  rearranged  In  numerical  sequence)  Is  an  Increasing 
variable,  but  with  a  decelerated  tread  corresponding  to  the  trend  of  a 
series  of  dally  maxima  arranged  in  an  ascending  numerical  sequence. 

f.  This  trend  may  be  discovered  by  plotting  the  ascending  deceler¬ 
ated  series  on  a  skev-iog  probability  scale,  using  data  frees  10-year 
records. 


g.  The  Mean  Daily  Minimum  is  a  near  stable  anchor  from  which  to 
measure  the  oscillating  extreme  maxima. 

h.  Usually,  sumaaiy  temperature  records  provide  the  essential  data 
for  confuting  the  CMDMx  and  for  predicting  dally  maximum  temperature  fre¬ 
quencies  through  any  required  span  of  years. 

i.  Tests  for  the  spread  of  CMDMx  from  the  latitude  of  Singapore, 
Malaya,  to  Tanana,  Alaska,  gave  results  well  within  the  36  to  80  of  CMDMx 
on  the  Homograph. 

PART  H  -  B0M3GBAI3.  BASIC  SBCTIOK 
5.  Constructing  the  Basic  Section 

As  stated  before,  conventional  temperature  values  (Fahrenheit  or 
centigrade)  cannot  be  used  directly  on  the  nomograph  (Fig.  2)  but  must  be 
converted  to  a  100-unit  scale.  (See  Table  I.)  The  July  and  September 
daily  maximum  temperature  records  at  Aberdeen,  feryland,  were  processed 
in  the  same  way  as  those  for  May  (shown  in  Table  I).  Corresponding  records 
(1946-1955)  for  the  same  months  at  eleven  other  stations  in  the  United 
States  (Fig.  1  underscored)  were  processed  in  the  seas  manner  -  36  records 
in  all.  The  CMDMx' s  ranged  from  38  to  75  >  each  associated  with  a  family 
of  converted  frequency  temperatures  (CFT).  (For  example,  CJIMt  50  in  Table 
I,  line  f  is  associated  with  the  converted  values  in  the  same  line.)  These 
CFT 'a  are  converted  values  of  DMx's  which  actually  occurred  within  the 
given  frequencies  (line  c,  Table  I). 

The  sloping  l/31  line  of  the  nomograph  was  plotted  as  follows:  The 
CMDMc  50  (Table  I,  line  f )  and  the  CFT  86  (Table  I,  line  f,  column  7)  are 
the  paired  converted  temperature  values  for  Aberdeen,  Maryland,  for  1  day 
in  each  fey  (year),  or  1/31.  (These  paired  values  are  shown  at  the  begin¬ 
ning  of  Table  II. )  There  is  a  corresponding  pair  (CtCMx  and  CFT  values) 
for  each  of  the  other  35  records,  ranging  from  a  low  CMMc  of  38  (fey  at 
Minneapolis)  to  a  high  CMDffr.  of  75  (September  at  Yuma).  Racb  of  these  36 
pairo  (Table  II)  is  plotted  (stars)  on  the  Some graph  Basic  Section  (Figure 
2).  The  (curved)  lino  on  the  nemnograph  for  the  frequency  10  days  in  310 
or  an  average  of  .1  day  in  1  month,  1/31,  is  the  visual  "beet  fit”  through 
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and  among  the  36  plotted  stars.  The  shape  and  position  of  this  carved 
line  is  influenced  somewhat  by  that  of  the  nine  associated  curved  predic¬ 
tive  lines  in  the  Basic  Secion,  all  of  which  are  similarly  derived  and 
mutually  adjusted.  The  generalized  predictive  curves  are  for  frequencies 
ranging  from  25  days  in  a  given  month  (25/31)  to  1  day  in  JLO  days  (l/310, 
straight  line)  of  the  same  month  (i.e.,  1  day  in  310  May  days,  or  10  years) 
10  predictive  lines  in  all  in  the  Basic  Section. 

6.  Predicting  mnyiimm  temperature  frequencies  by  use  of  the  Homograph, 
Basic  Section 


Let  us  now  go  back  to  Table  I  and  find  out  how  near  the  predicted 
m-flniA  for  May  at  Aberdeen,  Maryland,  come  to  actual  occurrences.  There 
are  three  steps  in  finding  the  predicted  maxima  from  10-year  records  (Basic 
or  Extrapolated  Section  of  the  nomograph):  l)  Find  the  CMDMx,  2)  Find  the 
CFT*  for  the  required  frequency,  3)  Using  the  Reconversion  Formula,  recon¬ 
vert  the  values  to  degrees  Fahrenheit. 

The  CMDMx  for  May  at  Aberdeen  is  CMDMx  50  (see  Table  I). 

CPT  values  are  found  as  follows:  If  on  the  nomograph  we  follow  the 
horizontal  line  corresponding  to  CMDMx  50  to  its  intersection  with  predic¬ 
tive  line  5/31  (5  days  in  1  May,  or  1  year)  and  then  follow  this  point  of 
intersection  to  the  top  -  the  CPE  scale  -  we  get  the  CPT  value  of  72. 
Corresponding  converted  predictive  temperatures  for  from  *>  days  in  1  year 
to  1  day  in  10  year6  are  found  by  the  same  method  to  be: 

5/31,  22;  3/31,  12;  1/31,  §u  1/93,  23;  1/155,  &  -V310,  100. 

The  formula  for  reconversion  for  maximum  1-day  temperature  (*F)  asso¬ 
ciated  with  given  frequencies  is: 

Predicted  DMx  (*F): 

(Substituting: ) 

Probable  DMx,  5/31: 

Probable  DMx  3/31* 

Probable  DMx  l/31: 


CPP  (Abgc  -  MM)  +  m  Fonaula 

(Reconversion) 


T2  £2^  +  53F  =  83F** 

79  (9ioo'^  +  53  s  %f 

+  53  -  90F 


♦Note  that  the  CFT  values  were  taken  from  the  actual  maximum  temperature 
frequencies  at  12  stations,  whereas  the  CPT's  are  generalized  values 
taken  from  the  nomograph. 

♦♦See  footnote  c  to  Table  I. 
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CONVERTED  MEAN  DAILY  MAXIMA  (CMDMx) 


Explanation  of  General  Symbols: 

Stars  in  the  Basic  Section  represent  paired  converted  temperature  values(Clt 

Triangles  in  the  Extrapolated  Section  represent  Cr 7  value*  extrapolated  froi 
and  used  to  construct  the  1/620  prediction  curved  line. 

Dots  in  the  "Duration”  Section  for  line  "xy",  identifying  the  CMDMx  60  (on 
values  to  use  in  place  of  12  different  patterns  of  longer  or  shorter  records(l 

Examples  A  and  B  are  discussed  in  Appendix  C. 

Examples  Aberdeen  and  Portland  are  discussed  in  the  text,  Sections  6  and 

Figure  1 


ft 

A 
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L  i  in 


maximum  temperatures 

a  c  p  r*.  y 

W2  I  3\  Jft 


1  0 


A  R  RECORD  ONLY 


Predicting  From 
Long  Records 
Up  to  100  Yecrt 


in  g  Given  Month  Up  To  10  Years 


Extrapolated  Section 
Increment!,  20  to  100  yean 


Duration  Section 


jftcy  Distribution  Of  Daily  Maxima  At  12  Stations 
ve  Arses  In  The  li.S.A. 


Extrapolated  From 
Basic  Section 


TO  ft  NO  THE  10  YEAR 

CMOMx  EQUIVALENTS 


tS  90  95  100  105  110  ”  )|J~  HO 

TEMPERATURES  (CPT) 


135  3  5  10  30  40*0  100 


Inverted  temperature  values(CMDMx  and  associated  CFT  values,  Table  II)  for  the  1/31  curved  prediction  line 


it  CPT  values  extrapolated  from  the  CPT  trends  in  the  45  CMDMx  predictive  patterns  in  the  Basic  Section, 


lurved  line. 

identifying  the  CMDMx  60  (on  the  10-year  vertical  accentuated  line)  represent  predictive  pattern  of  CPT 
s  of  longer  or  shorter  records(l/93  to  1/3100).  See  text,  Section  12. 

<  C. 


ed  in  the  text,  Sections  6  and  14,  respectively. 

Figure  2 


Inf 


CONVERTED  MEAN  DAILY  MAXIMA  (CMDMx) 


Probable  DMx 

Probable  DMx 

Probable  DMx 


1/S3:  +  53  -  92F 

1/155:  ^  ^  +  53  =  93F 

ICO 

1/310 :  100  331  +  53  =  55F 


It  may  be  seen  that  the  values  predicted  from  the  nomograph  (line  $, 
Table  I)  for  May  at  Aberdeen  do  not  depart  from  the  recorded  (line  c  Table 
I)  at  any  predictive  level  by  more  than  IF*.  However,  it  should  be’~expected 
that  the  CMDMx  50  pattern  would  always  do  as  well  on  other  summary  10-year 
(7  years  to  14  years)  records. 


7.  Constructing  Table  HI  Basic  Section  from  Basic  Section  of  the  Homo¬ 
graph  (Fig, 2)  and  its  use 

Each  of  the  10  predictive  lines  25/31,  20/31,  15/31,  etc.,  in  the  nomo¬ 
graph,  Fig  2,  Basic  Section, crosses  2*5  horizontal  CMDMx  lineB  (36  to  00) 
making  in  all  450  fixed  converted  predictive  temperature  (CFT)  values.  (For 
example,  note  the  six  CFT  valueB  associated  with  CMDMx:  50  in  the  preceding 
problem.)  These  450  constant  values  (CFT's)  are  entered  in  Table  HI. 

They  are  the  underlined,  or  principal,  numbers  in  each  cell.  They  are 
CPT'b  for  predicting  from  10-year  records.  (The  otb  r  nunfcers  in  the  cells 
are  CMDMx  identification  factors,  to  be  used  if  the  record  1b  longer  or 
shorter  than  10  years,  and  will  be  explained  later. ) 

This  table  may  be  used  instead  of  the  Nomograph  for  predicting  the 
probable  daily  maxima.  For  example:  The  CFT  values  associated  with  CMDMx 
50  in  the  problem  discussed  shove  (72,  79  >  &7,  etc.)  are  to  be  found  on 
the  table.  Follow  the  numbers  (underscored)  on  the  horizontal  CMDMx  50 
line  to  the  required  time  interval  in  the  column  heading  at  the  top.  Once 
you  have  the  required  CFT  value,  the  procedure  1b  the  same;  that  iB,  you 
substitute  the  CFT  values  in  the  Reconversion  fbrmula.  See  Appendix  D, 
Example  A,  for  the  use  of  the  table  in  predictions. 


PART  III  -  HOM53RAPH .  KXTRAFOIATEP  SECTION 

Often  it  is  desirabi .  to  know  the  daily  maximum  temperature  probabil¬ 
ities  for  periods  of  time  longer  than  10  years.  Thus,  it  became  necessary 
to  construct  the  Extrapolated  Section  of  the  Nomograph. 

8.  Theory  and  Use  of  a  Skew-Log  Probability  Scale 

It  may'  be  noted  (Basic  Section,  Table  m)  that  the  converted  predic¬ 
tive  tengrerature  values  increase  as  the  length  of  the  record  increases. 
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?or  example,  for  CMDMx  60  the  converted  value*  for  1,  3,  5  and  10  years 
are  respectively,  90,  94,  97  and  100. *  When  these  four  values  are  plotted 
on  a  a'xav-log  adjustable  probability  scale**  (Pig.  3)  and  the  straight  line 
connecting  them  is  prolonged  to  1  day  in  3100  (i/3100  or  0.032$)  (100  Mays 
or  100  years)  the  decile -interval  converted  predictive  temperature  values 
(CPT)  become: 


103  for  20  Mays  (1/620)  107  for  50  ttys  (1/1550) 
105  for  30  Mays  1 1/930 )  ICS  for  60  Jfcys  (l/l860) 
156  for  40  Jfeys  (l/l24o)  UO  for  100  JfeyB  (1/3100) 


9.  Construction  of  Nomograph,  Extrapolated  Section 

The  process  described  in  the  preceding  paragraphs  of  extrapolating 
the  values  of  a  10-year  record  (specifically  the  associated  CPC's  of 
CMDMx  60)  into  a  period  longer  or  shorter  than  10  yearB  was  repeated  for 
each  of  the  other  44  CMDMx  patterns  (36  to  80).  The  44  triangles  on  the 
Extrapolated  Section  of  the  Homograph  furnished  the  "visual"  pattern  for 
the  predictive  line,  1  day  in  20  Mays  or  years  (620  May  days,  1/620).  The 
other  predictive  curved  lines  in  the  Extrapolated  Section  (1/930,  l/l240, 
1/1550,  etc., co  1/3100)  were  constructed  in  a  similar  manner  (see  curved 
lines  on  Homograph,  Extrapolated  Section).  As  in  the  Basic  Section,  the 
shape  and  position  of  the  curved  predictive  lines  in  ■  Extrapolated  Sec¬ 
tion  vere  Influenced  somewhat  by  the  shape  and  position  of  the  associated 
predictive  lines,  all  of  which  were  similarly  derived  and  mutually  adjusted. 
Thus  was  constructed  from  36  monthly  records  at  12  stations  a  nomograph 
based  on  10  years  of  tabulated  monthly  maximum  temperature  frequencies  from 
which  it  is  now  possible  from  abbreviated  records  to  predict  the  frequency 
of  expected  maximum  tenperatures  for  any  simmer  month  for  1,  3,  5,  and  10 
years,  and  also  (Extrapolated  Section)  for  decile  yearly  increments  from 
20  up  to  100  years.*** 

10.  Usipg  the  Homograph:  Predicting  from  a  10-Year  Record,  the  Probable 

Maximum  Temperatures  for  a  (liven  Month  from  1  to  100  Years 

By  use  of  the  Homograph  (Fig  2,  Basic  Section)  maximum  temperature 
predictions  for  Aberdeen  were  aaoe  for  periods  of  10  years  or  less  (see 


*See  underscored  values  on  CMDMX  60  line,  Table  III. 

**The  skew-log  probability  scale  is  a  3u*el  Extrema  probability  scale 
superimposed  on  two-cycle  logarithmic  peper.  Because  of  its  fliXiltli'/, 
a  curved  line  of  distribution  may  be  converted  to  a  near  straight  line. 
See  reference  4. 

***The  nomograph  and  Table  III  may  be  used  also  to  predict  the  maxlro 
temperatures  to  he  expected  for  as  many  as  25  days  per  month  (25/31). 
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section  6  above).  Bov  by  use  of  the  Extrapolated  Section  of  the  Homograph, 
predictions  up  to  100  years  may  be  made  from  the  10-year  record. 

For  examp}  e,  let  us  consider  the  above-mentioned  Aberdeen-Msy  pattern: 

We  have  CMEMx  50  (Table  I). 


To  find  the  CPT  values:  We  folio*-*  C!£5fe  50  on  the  Holograph  from  the 
Basic  Section,  beyond  the  100  CPF  limit  and  into  the  Extrapolated  Section. 
CMDMx  50  intersects  the  20-year  predictive  curve  (l  day  in  620  May  days) 
at  a  point  vhlch  ’would  indicate  (according  to  the  scale  at  the  top  of  the 
graph;  a  CPT  of  105.  This  and  other  CPT  values  of  CMEXfe  50  pattern,  simi¬ 
larly  found, are  as  follows: 

20  yrs,  10£  30  yrs,  107  1*0  yrs,  109  50  yrB,  ILL  60  jrrs,  112 

70  yrs,  80  yrs,  n£  90  yrs,  ED*  100  yrs,  115 


These  values  are  reconverted  to  Fahrenheit  by  using  the  Reconversion 
Formula  (Section  6  above).  In  this  Formula,  the  maxi  mm  1-day  temperature 
associated  with  the  required  frequency  is: 


CPT  (Ablfc  -  MDWi)  _ _ 

-  100 -  +  ltm 


Substituting,  for  l/620 
Substituting,  for  l/930 


,3 -mr 

10T  to-  ?3) .  53  -  9Hf 


Thus  the  maximum  temperature  frequency  probabilities  for  Aberdeen  in 
May  are: 


1  May  day  in  20  years 

1  "  "  "  30  " 

1  »  "  "  40  " 

1  "  "  "  50  " 

1  ”  f*  Vf  Qq  II 

1  "  "  "  100  " 


1/620  May  days):  97F» 
1/930  Msy  days):  9& 
1/121*0  May  days):  99F 
1/1550  May  days):  100F 
l/2l*80  May  days):  10U 
1/3100  May  days):  101F 


The  10-year  sumaary  record  (AbMx,  MDMx,  MDMl)  for  any  station  for  any 
summer  month  may  be  used  for  predictive  purposes  after  the  CMDMx  pattern 
has  been  computed  as  in  the  Aberdeen  example .  For  another  illustration  of 
the  predictive  techniques,  see  Appendix  C,  Example  A. 


*See  footnote  to  Table  I,  line  c. 
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XI.  Construction  and  Use  of  Table  III,  Extrapolated  Section 

There  axe  about  too  constant  values  at  the  intersections  of  the  hori¬ 
zontal  CMDMx  lines  (36  to  60)  and  the  nine  sloping  prediction  lines  in  the 
Extrapolated  Section  of  the  nomograph.  These  CPX  values  are  entered  in 
Table  HI,  Extrapolated  Section,  underscored  numbers.  Table  III  may  be 
used  instead  of  the  Romo  graph  for  predicting  probable  raarlnrnn  temperature  a 
and  frequencies  for  any  given  suasaar  month  for  periods  of  15  to  100  years. 
The  steps  are  the  same  as  for  predicting  from  the  Basic  Section  (see  Sec¬ 
tion  7  above),  or  for  predicting  from  the  nomograph;  1)  Find  the  CMEMx 
2)  Find  on  the  table  'or  Nomograph)  the  CPT  for  the  required  frequency  3) 
Use  the  Reconversion  Formula  to  convert  to  *F.  A  complete  example  of  this 
type  problem  is  given  in  Appendix  D,  Example  A. 

PART  IV  -  CONSTRUCTION  OF  THE  B0M3RAPH.  "DURATION"  SECTION 
12.  Derivation  of  Data  for  Constructing  "Duration''  Section  of  the  Homograph 

It  must  be  remembered  that  the  CPT  values  (underscored  nun^ers)  of 
both  the  Basic  and  Extrapolated  Sections  of  Table  HI  are  keyed  exclusively 
to  10-year  records  and,  therefore.  Table  IH  may  be  used  for  prediction  of 
Daily  Maximum  Temperatures  and  Frequencies  when  the  essential  data  (AbMx, 
MDMx  and  MDKl)  are  for  approximately  10  years  (8  to  l4). 

When  the  susanarized  data  for  processing  come  from  records  longer  or 
shorter  than  10  years,  the  "Duration"  Section  of  the  nomograph  must  be  used 
to  identify  the  10-year  equivalent  pattern  to  substitute  for  the  CMDMc  for 
the  longer  or  shorter  period  o'  reccud. 

Every  line  in  the  "IXiration"  Section  of  the  nomograph  (vertical,  hori¬ 
zontal  and  sloping)  is  keyed  to  the  accentuated  10-yaar  vertical  line.  The 
essential  data  for  drawing  the  sloping  lines  in  the  "Duration"  Section  are 
the  numbers  (not  underscored)  in  Ta.le  HI.  These  values  are  confuted  as 
follows:  It  may  be  seen  that  daily  maxima  temperatures  when  arranged  in 
a  numerical  sequence,  become  progressively  higher  vith  increased  length 
of  record,  but  at  a  decelerated  rate.  This  is  illustrated,  for  exasple, 
in  Table  HI,  where  the  CPT  values  (underscored  motors)  associated  with 
CMkWx  60  run  as  follows:  73,  80,  35,  90,  9^>  97,  100,  etc.,  to  110,  respec¬ 
tively.  lAch  of  these  values  is  keyed  to  the  100-unit  scale  with  the 
CMDMx  60  aid  the  10-year  basic  record.  However,  this  whole  10-yaar  sequence 
of  CPT’s  associated  with  CMDMx  60  may  be  converted  into  an  equivalent  100- 
scale  sequence  corresponding  proportionally  to,  for  example,  a  70-year 
record. 

In  this  case,  the  CPT  109  (extrapolated  70-year  prediction,  based  on 
10-year  records)  become  CPT  100  for  an  equivalent  70-year  (record)  CPT 
scale  and  the  10-year  (record)  CMDMx  60  becomes  the  70-year  (record) 

CMDMx  55. 
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ff6 0  times  =  55.046  or  55  (rounded) 

See  "55  "»  (not  underlined)  CMDMx  60,  70-year  column.  Table  Hljj 

In  other  words,  the  70-year  (record)  CMDMx  55  becooee  identified  with 
the  10-year  record  CMDMx  60  pattern  of  converted  prediction  values.  Other 
identification  values  in  the  cams  line  associated  with  CMDMx  60  are  (all 
not  underlined  numbers  in  Table  HI):* 


for 

3  years: 

63.8 

or  64** 

for  50  years: 

56.1 

or  56 

II 

5  " 

61.9 

62 

"  60  " 

55-6 

"  56 

II 

10  " 

60.0 

60 

"  70  " 

55.0 

"  55 

II 

20  " 

58.3 

58 

»  £Q  t, 

54.5 

"  55 

II 

30  " 

57-1 

57 

"  100  " 

54.5 

"  55 

II 

40  " 

56.6 

57 

There  are  l6  identification  values  for  each  CMDMc  (36  to  8o)  -  more  than 
700  such  entries  in  Table  III. 

When  the  above-mentioned  CMDMx  60  identification  values  are  entered 
on  the  nomographic  grid  in  the  "Duration"  Section  of  the  Homograph,  they 
determine  the  smooth  identification  curve  "x  y".  Similar  curves  were  con¬ 
structed  for  each  of  the  other  CMDMx' s  (36  to  80)  from  the  associated  values 
in  Table  III,  i.e,  the  numbers  not  underlined.  The  CMDMx  identification 
values  for  the  numbers  uui  underlined  in  Table  III  arc  esch  associated  with 
a  counterpart  in  the  "IXiration"  Section  of  the  Haao  graphs  and  some  one  of 
these  more  than  700  CMDMx' 8  is  assumed  to  represent  the  pattern  of  sumary 
temperature  record  (AbMx,  MDK1  and  MEMx)  of  3  years  to  ICO  years  for  any 
Burner  month. 

Since  the  "x  y"  line,  ("Duration"  section)  representing  the  CMDMx  for 
any  length  record  from  3  years  to  100  years,  crosses  the  10 -year  line  (ver¬ 
tical,  accentuated)  at  60,  it  follows  that  the  CPT  values  on  CMMc  60  may 
be  used  for  predictive  purposes  for  records  running  from  CMMc  55  to  CMDMx 
64  for  any  summer  month  from  3  years  to  100  years. 

For  another  example,  it  is  evident  that  a  90-year  record  with  a  CMMc 
44  would  use  the  10-year  (record)  CMMc  50  pattern  of  converted  temperatures 
(CPT)  for  predictive  purposes.  (In  the  "Duration"  Section  of  the  nomograph, 
at  the  point  where  horizontal  line  CMDMx  44  crosses  the  90-year  vertical 
line,  follow  the  nearest  sloping  line  to  where  it  crosses  the  10-year  ver¬ 
tical  line:  CMDMx:  50.)  Each  of  the  sloping  lines  in  the  "Duration"  Sec¬ 
tion  is  designed  to  serve  purposes  similar  to  the  narked  "x  y"  line. 


*The  identification  values  for  the  numbers  not  underlined  were  computed  in 
the  same  manner  as  the  present  CMDMx  55;  Table  III. 

♦•Sounded. 
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To  recapitulate:  In  order  to  scale  Table  HI  more  useful,  the  numer¬ 
ical  CXDMc  value  at  each  intersection  (eloping  and  horizontal  lines)  in 
the  "Duration"  section  of  the  Homograph  is  entered  with  its  10-year  (rec¬ 
ord)  associated  CFT  value  ( computed  as  shown  earlier)  in  the  10-year  pre¬ 
diction  Table  III  (numbers  not  underlined).  There  are  more  than  700  such 
entries  in  Table  HI.  Thus,  the  CMDrk  b-4  mentioned  in  the  above  paragraph 
may  be  found  in  the  90-year  column  (number,  not  underlined)  associated  with 
the  10-year-record  CKDftt  50  and  10 -year- record  CH1  114  (the  underlined 
number  in  the  same  cell).  That  is  to  say,  the  90-year-record  CFT  is  at 
least  1.14  times  the  10-year-record  CFT.  Let  us  solve  a  specific  problem. 

13.  Using  Table  IH,  including  identification  numbers  CHHt't  (not  under¬ 
scored)  for  Indicated  lengths  of  record 

Solution  of  problems  Involving  record  of  more  than  10  years  can  be 
done  store  easily  by  use  of  Table  IH  than  by  the  nomograph.* 

ijiven:  In  May  at  Portland,  Oregon,  during  a  78-year  record: 

AbMx:  99F  MMfe:  68?  MEM1:  48F 

Required:  What  May  day  marl  mum  temperature  should  be  expected  1  day 
in  - 

20  yra  (l/620)?  5°  yra  (1/1550)?  100  yra  (l/3100)?  5  yrs  (l/l55>? 

Solution: 


a.  Find  the  80-year  (record)  CMEHx 

Formula:  CMEMc  ■  Wi 

AbMx  -  MttB. 

(Substituting:)  ^  iffl. .--iff)  -  39.2 

99  -  W 

b.  Find  the  10-yr  (record)  equivalent  to  CMMc  39  in  80-yr 

column  (Table  Hll 

Method:  Follow  down  the  80-year  column  of  numbers  not 

underlined  to  nunfeer  39,  that  Is,  the  CMDMx  for 
80-year  record.  This  la  found  on  the  CJfiHte  45  line. 
Therefore  CNEMc  45  10-yr  pattern  will  be  used  for 
prediction,  (increasing  tbe  length  of  the  record 
increased  tbe  AbMc  but  at  a  decelerated  rate,  thus 
changing  the  CMMc  pattern,  39  In  one  instance,  43 
in  the  other. 


♦For  another  illustration,  see  Appendix  D,  Kxaqple  S:  Hanses  City 
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c.  Find  the  required  CPT's,  using  the  CMDfrtc  45  pattern 

Msthoi:  Follov  CMFMx  45  from  left  margin  to  each  required 
time  interval,  as  Indicated  in  column  heading  at 
top.  These  CPT's  are: 

For  20  years,  106;  For  50  years,  113;  100  years,  119;  5  years,  25 

d.  Find  the  10-year  (record)  predicted  Absolute  tferimnn 

Formula:  100 ■  (&  ^  Abfe  -  80  ^  MWQ  +  vutL 
80  yr  CPT  on  CMEMx  45 

(Bote:  Value  In  denominator  above  is  in  the  80-yr 
column,  CMDMx  45  line  of  table.  That  is,  the  8o-yr 
AbMr  is  CPT  llj  on  the  10-yr  table. ) 

Substituting:  +  48F  -  96F 


e.  Reconvert  CPT's  in  (c)  to  *F  (using  9£F  as  AbAc) 
Formula  (EKs  associated  vith  given  frequencies : ) 
CPT  (10-yr  80-yr  jflMtt)  ^ 


(Substituting  CPT's 

from  c 

above 

:) 

Predicted  20-yr  Mx 

106 

100 

M 

+  48 

-  95F 

Predicted  50-yr  Mx 

m 

100 

M 

+  48 

-  98F 

Predicted  100-yr  Ac 

m 

m 

+  48 

-  100F 

Predicted  5-yr  Ac 

2 L 

^Br 

46) 

+  48 

-  90F 

When  the  constant  values  listed  in  Table  III  are  entered  on  punch 
cards  and  directions  according  to  the  preceding  formulas  are  given  to  a 
computing  machine,  processing  of  the  data  for  the  frequencies  of  expected 
dally  —yiw™  temperatures  can  be  done  quickly  and  accurately. 
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l4.  Using  the  "Eviration”  Section  of  the  Nomograph  for  prediction 

This  example  shows  how  to  use  the  nomograph  constructed  from  10-year 
dally  records  to  predict  daiJy  maximum  probabilities  from  euanery  records 
of  more  than  10  years  -  in  fact,  from  3  years  to  100.  The  problem  Is  the 
same  as  the  one  for  Portland  using  Table  m,  Section  13* 

Given:  In  May  at  Portland,  Oregon,  during  a  78-year  record: 

AbMx:  99?  MESfe:  68?  MS41:  48? 

Required:  What  May  day  maximum  temperature  should  be  expected  1  day 
In  - 

20  yrs  (l/620)?  50  yrs  (1/1550)?  80  jrrs  (l/248o)? 

100  yrs  (1/3100)7  5  yrs  (l/l55)? 


Solution: 


a.  Find  the  80-year  CKDMx  (for  78 -year  record). 

This  is  39.2  (see  Section  13  above,  part  a  of  solution). 

b.  Find  the  10-year  equivalent  CMDMx  pattern. 

Method:  On  the  "Duration"  section  of  nomograph,  follow  down 
the  80-year  vertical  line  to  CMMc  39.  Then  follow 
the  nearest  sloping  line  left  and  upward  to  vertical 
line  10  years  (accentuated).  ’Ibis  Is  on  horizontal 
line  CMEMx  46.* 

c.  Find  the  required  CFT  values  In  the  CMLllc  46  pattern. 

(See  "Portland  Example") 

Method:  Follow  CMDNx  46  left  to  predicting  sloping  lines, 
1/620,  1/1550,  1/2480,  1/3100,  1/155  (see  arrows 
and  circles).  Thence,  go  upward  to  corresponding 
CPT  values  106,  112,  ll6,  ll6,  and  95,  respectively. 

d.  Find  the  10-year  (1/3IO)  expected  May  Maximum 

100  fefefer1  - — 

Substituting:  100  (gg?  +  48F  -  92.-' 

116 


*%e  Table  value  is  CMEMx  45.  The  slight  difference  here  is  negligible  and 
Is  to  be  expected.  If  the  values  in  the  Table  and  on  the  Homograph  were 
expressed  with  fractional  exactness,  the  predictions  would  agree  even  more 
closely.  In  order  to  make  serious  differences  In  predictions  the  CMMc’s 
would  need  to  differ  by  several  units. 
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e.  Reconverting  CPT's  In  (c)  using  92?  as  AbMc 

FomwJLa:  Retired  Predictions : 

gpi.  (10-yr.  AbMs  -  80  yr.  Mdfl)  + 
100 

Substituting: 

Prediction  for  20-yr  Ms 


Prediction  for  50-yr  Ms 


Prediction  for  80-yr  Ms 


Prediction  for  100 -yr  Ms 


Prediction  for  5-yr  Ms 


PART  V  -  TB8TDP  THE  HSUAHTUTY  Of  MB  Mjggm) 

15.  Internal  consiatency 

Tabulated  actual  teoperature  frequencies  for  a  10-year  (10  Msy)  record 
at  Aberdeen  are  given  in  Table  I,  frequency  Data,  line  c.  In  line  g  are 
listed  the  corresponding  temperatures  and  frequencies  as  predicted  by  use 
of  the  nomograph  frost  the  Essential  Data  in  line  c.  This  say  be  tensed  the 
Internal  consistency  of  the  method.  Predicted  tea^eratures  at  each  of  tbs 
six  frequency  levels  are  within  IP*  of  the  recorded.  This  test  could  be 
repeated  for  the  3  months  (May,  July  and  September)  for  each  of  the  twwive 
stations. 

16.  Testing  themethod  for  a  different  month  (August) 

Tests  similar  to  that  for  Aberdeen  (Msy,  JUly  and  September)  were  made 
for  the  month  of  August  for  four  widely  separated  stations  (Brnmeteed,  V.T., 
Fairfield,  Ohio,  Port  Bragg,  I.C.,  and  Brownsville,  Tex.,  Pig  l).  The 
results  are  shorn  in  Table  IV.  It  msy  be  seen  that  the  recorded  tempera¬ 
ture  frequencies  for  August  did  not  differ  from  the  predicted  at  any  of  the 
seven  frequency  levels  by  more  than  2P*  (28  comparisons  in  all). 


i#-.1#)  +  48  *  95F 
100  7 

rn  Iff-.48)  4-  be  -  97P 
100 

+  48  **  99F 

m.&rm  +  48  -  100K 
100 

95.  iSP.-M)  +  48  -  90? 
100 
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Sactiooa  3,  6  sad  13  of  thia 


17 •  Testing  the  met ho 3  bv  use  of  extended  records 

SuMserited  records  for  longer  than  10  years  duration  were  found  for 
five  of  the  component  stations  shown  in  Figure  1.  These  were  tabulated 
for  May.  July  end  September.  Associated  with  the  sumarlxed  data  for  each 
are  th»  predictions  at  various  tine  intervals  frees  1  to  100  years  (Table  V). 

The  first  line  for  each  month  gives  mmaarlsad  data  and  seven  tabu¬ 
lated  frequency  values  of  recorded  daily  marlanm  tesperatures  for  10  years 
only.  The  remainder  of  line  1,  of  course,  it  blank.  She  16  frequency  tem¬ 
peratures  in  each  of  the  second,  third  and  fourth  lines  for  each  month  axa 
all  mucima  predicted  from  the  independent  susmarlsed  data  in  the  asms  lines. 

The  starred  temperature  in  each  line  is  the  recorded  for  tbs 

time  (decade)  intervals,  in  years,  shown  in  the  first  numeral  column  (1*0, 

6l,  15,  67,  56,  etc.).  The  first  line  for  each  south  gives  recorded  Bud- 
xoum  temperature  frequencies,  based  on  a  10-year  record.  The  second,  third 
and  fourth  lines  of  frequencies  are  pre1L.ctir.4s  for  the  corresponding  months, 
made  from  the  summarized  records.  See  formulas  In  Appendix  D. 

The  problem  of  sampling  is  critical.  In  general,  the  longer  the  con¬ 
tinuous  record,  the  higher  the  Absolute  Maxima  tsqperature  (AbMc)  will  be. 
(Baker,  Oregon  in  July  with  101,  10E,  103  and  Kansas  City  in  Septertwr  with 
107,  108  and  109).  However,  if  the  given  records  are  not  continuous,  or 
the  longer  records  do  not  include  the  shorter  ones,  then  the  ccapaxutiv* 
predictions  may  appear  erratic  (Baker,  Oregon  In  May) .  Ir  the  case  of 
Baker  in  July,  the  predictions  from  different  length  records  (10-,  1*0-,  and 
61-years)  do  not  differ  at  way  decile  level  by  more  than  £7*  to  3F*,  even 
though  neither  the  40-  cr  6l-year  records  included  the  10-year  daily  ■Hel¬ 
mut  record.  There f  01 e,  the  predicted  maxima  from  a  short  record  may  run 
higher  than  in  the  predictions  from  a  longer  record,  e.g.,  Shreveport,  la., 
in  July. 

In  general,  the  10-year  mrtmm  ts^eratuie  predictions  from  the  lon¬ 
ger  records  were  somewhat  lower  then  the  recorded  10-year  maxima. 

The  conclusion,  evidently,  is  that  the  essential  summarized  data 
should  come  from  relatively  long  records  if  the  predicted  toq  Mature  fre¬ 
quencies  are  to  have  satisfactory  reliability. 
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SugBttgr  and  cossaents 


a.  The  patterns  of  aariaana  temperature  distribution  cover  ade¬ 
quately  the  range  essential  for  satisfactory  prediction  for  summer  months. 

b.  four  items  of  essential  data  are  generally  available  for  wide 
areal  coverage. 

c.  The  method  is  satisfactory  for  manual  computation  and  prediction, 
and  also  lends  Itself  readily  to  machine  processing. 

d.  Visual  impressions  of  areal  distribution  of  maxim nn  temperatures 
may  be  secured  by  mapping  processed  data. 

e.  Variables  that  recur  only  at  long  time  Intervals  may  not  be  encom¬ 
passed  within  the  10-year  coverage.  Therefore,  predictions  from  long 
records  are  preferable. 

f.  The  validity  of  the  method  could  probably  be  improved  by  integrat¬ 
ing  into  the  study  more  stations,  more  months,  and  longer  records. 
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APFBHDa  A 


ABBREVIAJIOKS  AMD  OLOSSAKT  OT  CBffgBATORB  T TOC 


1.  AbKr  «  Absolute  Maximum  Temperature; 

The  highest  temperature  over  recorded  lx  a  gives  month  &t  a 
given  station. 

2.  Hte  «  Daily  Maximum: 

The  highest  temperature  occurring  day  by  day  In  a  gives 

month. 

3.  DM1  -  tally  Minimum  Tenperature: 

The  lowest  teaperatures  occurring  day  by  day  in  a  given  month. 

4.  MUfe  «  Mean  Daily  Maximal  T«aperv\ture: 

The  average  of  the  life's  during  the  period  of  record. 

5.  MDM1  -  Mean  Daily  Minimum  Temperature: 

The  average  of  the  Hit's  during  the  period  of  record. 

6.  RT  -  Reduced  Temperature: 

Values  derived  by  subtracting  the  MHO.  fro*  the  lteata  of 
eaaantial  and  frequency  data  as  in  Table  I. 

7.  OPT  -  Converted  Predictive  Temperatures: 

RT  items  to  be  converted  to  a  10O-unlt  scale  aa  in  Table  I. 

8.  CTT  ■  Converted  Frequency  Teaperatures: 

frequency  Temperatures  changed  to  100-unit  acale. 

9.  CAblfe  ■  Converted  Absolute  Mur  Ian: 

Reduced  AbMc  changed  to  100  on  the  100-unit  scale  as  in 

Table  I. 


29 


10.  CMDMx  =  Converted  Mean  Daily  Maxlmra: 

Average  of  the  reduced  doily  naxima  converted  to  the  100- 
unit  scale  as  in  Table  I. 

11.  CMDMi  =>  Converted  Mean  Dally  Minimum; 

Average  of  the  reduced  daily  mlnlua  converted  to  aero  on  the 

-  '»'•  «  « _ •»  -  .  m_v  ■>  _  t 

±\*J- UELLV  mi  OJ.C  6LD  XJJ 

12.  CDMx  «  Converted  Daily  Mur  Inarm  Temperatures: 

Reduced  temperature  values  (Table  I,  line  e)  converted  to 
the  100-unit  scale  (Table  I,  line  f) 

13.  FTT  =»  Fahrenheit  Predictive  Temperatures; 

CRT  values  re-converted  to  Fahrenheit  (plus  the  MDML)  (See 
7  and  3  above) 
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APPEKDIX  B 


RESUME  AMD  SEQUENCE  IN  THE  CONSTRUCTION  OF  THE  MULTIPLE  NOMOGRAPH 
AMD  THE  EQUIVALENT  TABLE  (TABLE  III) 


1*  Selecting  12  representative  weather  station  in  the  United  States 
with  requisite  daily  temperature  records  for  three  simmer  months 
(May',  July,  September),  through  10-year  periods. 

2.  Tabulating  daily  maximum  temperature  frequencies  similar  to  those  in 
Table  I  (36  in  ell).  This  had  been  done  in  part  by  U.S.  Air  Weather 
Service,  Data  Control  Unit. 

3«  Assembling  tabulations  into  frequency  summaries  (CMDMxr  and  CFT,  paired) 
corresponding  to  those  on  Table  II, 

4.  Plotting  frequency  data  (CTT)  from  (2)  and  (3)  above,  thus  deriving 
Basic  Section  of  the  Nomograph. 

5.  Constructing  Table  III,  Basic  Section,  from  the  Nomograph. 

6.  Extrapolation  of  CFT  values  in  Table  m,  Basic  Section,  by  use  of 
Skew-Log  Probability  Scale,  thus  deriving  CFT  vvO.ues  in  the  Extra¬ 
polated  Section  of  Table  HI  (underlined  figures)  and  Extrapolated 
Section  of  the  Nomograph. 

7.  Confuting  and  entering  Identification  CMDMr  values  (numbers  not  under¬ 
lined)  In  Table  III. 

8.  Constructing  Nomograph  "Duration"  Section  from  CMDMx  items  derived  in 
(7)  above. 

9.  Validation  of  method. 

10.  Solution  of  problems  by  use  of  Nomograph,  Appendix  C. 

11.  Solution  of  problems  by  use  of  Tablr  HI,  Appendix  D. 
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AFFEBDIX  C 


FIGURE  2  ~  THREE-SECTION  NOMOGRAPH  FOR  KREDICTUG  THE  LEVEL 
AND  FREQUENCY  Of  HIGH  TEMPERATURES  OF  SUMfiSB 


SECTIONS  OF  THE  HUS  TEMPERATURE  BCBUGBAPH  s 

The  Besic  Section  was  constructed  fron  tabulated  converted  daily 
maximum  temperatures  secured  for  May,  July  and  September  for  10  years  from 
12  widely  distributed  weather  stations  in  the  United  States  (fig.  l).  Tot 
construction  see  Part  II.  The  Extrapolated  Section  was  derived  by  extra¬ 
polation  from  the  Basic  Section.  For  construction  see  Part  III.  The 
"Duration'-'  Section  is  used  to  find  the  10-year  pattern  in  the  Basic  or 
Extrapolated  Section  to  be  used  when  the  basic  abbreviated  record  Is  longer 
than  10  years.  For  its  construction  see  Part  IV. 

EXPLANATION  OF  BOKO GRAPH: 

The  horizontal  lines  (36  to  80,  left  margin)  represent  CtfiMx  tempera¬ 
tures;  the  vertical  lines  (10  to  128),  represent  CPT  temperatures;  the 
curved  sloping  lines  (Basic  and  Extrapolated  Sections)  represent  predic¬ 
tion  values  for  indicated  intervals  of  time  from  25  days  in  1  month  (25/31 
days)  to  1  day  in  100  months,  e.g.,  100  Mays  (100  yrs  or  1/3100  days);  elop¬ 
ing  lines  in  the  "Duration"  Section  are  designed  to  find  the  10  year  equiva¬ 
lent  for  any  length  of  abbreviated  record  up  to  100  yean. . 

USING  THE  NOMOGRAPH;  Example  A  -  10-Year  Record.  "Duration"  Section  not 
involved. 

Given-  In  May  at  Shreveport,  during  a  10-year  period: 

AbHx,  93F  MQix,  83F  MEMi,  6ZF 

Required:  What  May  maximum  may  be  equaled  or  exceeded  - 
3  day*  in  a  year,  i.e.,  3  days  in  1  May,  3/317 
1  dsy  in  3  years  (3  Maya)  l/93?  Id  30  years,  1/9307 
la  70  years,  1/21707 

Solution: 


a.  Find  CWMx 


Formula: 


CSCKx  * 


(Substit’-'  ng: )  *^9  3^-  "  ^T-7  or  68  (rounded) 
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CMDMx  68  is  the  pattern  for  predicting  DMx  temperature 
for  May  at  Shreveport. 

b.  Find  required  CFT's  (converted  predictive  temperatures 
for  required  time  intervals) 


Method : 


Follow  CMDMx  68  from  the  left  margin  of  the  nomo¬ 
graph  (Sign  b  )  to  prediction  lines  and  thence 
upward  to  respective  CPT'e  (aB  Homograph,  line  68, 
Example  A) 

3/31,  CM 


88 

1/930,  CPT  K& 


l/93,  CFT  25 
1/2170,  CFT  10J 


c.  Reconvert  to  °F 


Formula:  DMx  associated  with  given  frequencies: 

CPT  (Atte  -  MMl  +  MTKi 

100 

(Substituting  CFT's  from  b  above: ) 

Probable  1-day  maximum  temperature  - 

3/31  (3  May  day*  in  1  year)  —  +  62  =  89F 

l/93  (1  May  day  in  3  years)  ^  ^lb5  +  ^  ’  91? 

1/930  (l  May  day  in  30  years)  1t°^ ~‘f  ~ +  62  ■=  91*? 

1/2170  (l  May  day  in  70  years)  1|0^  +  62  -  95? 


Therefore  the  expected  May  maximum  temperature  at  Shreveport 
will  be  89F  or  more  3  days  in  a  year;  91F  in  3  years;  9^7  in 
30  years;  957  in  70  years. 

PSI1Q  THE  KMOORAP8:  Example  3  -  70-Tear  Record.  "Duration"  Section 
needed  for  solution. 

Given:  In  September*  in  Shreveport,  during  a  71-year  record: 

AbMx,  1057  MDMx,  897  MDMi,  677 

Required:  What  September  daily  maximum  temperature  may  be  expected: 


•See  note  associated  with  Table  II. 
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5  days  in  1  year,  i.e.,  5  days  In  1  Sept,  5/3O? 

1  day  in  5  years  (5  Septembers)  1/150? 

1  day  in  10  years  (10  Septembers)  1/3OG? 

1  day  in  40  years,  l/l200?  (to  agree  with  other  30-day  figs.) 

Solution: 

a.  Find  the  70-Tear  OOMx 

For  Aa  (as  Example  A)  CMLMx  - 

(Substituting:)  ^^105^  =  57*9  or  58  (rounded) 

b.  Find  the  10-year  (record)  equivalent  QOtx 

Method:  Follow  arrows  and  signs  (0)  on  vertical  line  70 
(70  years)  in  "Duration"  Section  of  Homograph 
downward  to  CKEMx  58  thence  left  and  upward  on 
nearest  sloping  line  to  10 -yr  vertical  line 
(accentuated).  This  intersection  is  on  CMDMx  63. 

Ose  the  CPT  value?  of  CMMx  63  for  predicting 
on  the  10-year  nomograph. 

c.  Find  associated  CPT  values 


Method:  On  CWMx  63.  in  the  Basic  and  Ext -apolated 

Sections,  find  the  place  where  it  crosses  the 
required  curved  prediction  lines,*  follow  this 
up  to  the  CPT  value  at  top  of  graph.  These 
CFT's  are: 

5/31,  82  1/155,  21  1/310,  12a 

1/1240,  106;  1/2170,  108;  1/2790,  10g 

d.  Find  AbMx  for  10  years  (i.e.,  equaled  or  exceeded  in  10 
Septembers ) 


Method: 


Formula : 


In  the  Extrapolated  Section  follow  CKEMx  63  to 
the  70-yr  predictive  line,  thence  upward  to  CPT 
108.  The  70-yr  AbMx  (105F)  is  CPT  108  on  the 
10-yr  nomograph 


10-yr  Mx 


100  (  70  yr  AbMx  -  70  yr  MBti) 
70  yr  CPT,  CMDMx  63 


+  Mali 


100  (105  -  67)  +  67  -  102F 
108 


•See  footnote  Section  l4. 


See  "Example  B",  far  left  on  the  Homograph 
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Predicted  IMx  1/12U0 

Predicted  IKx  1/217O 
Predicted  IMx  i/2790 


+  67  «  105F 
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MEAN  DAILY 


_ MULTIPLE  NOMOGRAPH  FOR  PREDIC 

_ _  _ _ MAXIMUM  TEMPE 

_ TO  PREDICT  FROM  10-YEA  « 

Sasic  Section  From  25  Days  In  a  Given  Month  Up 


Constructed  From  Actual  Frequency  Distribution  Of  Daily  Maxima  At ’ 
In  Representative  Areas  In  The  U.S.A. 
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PORTLAND  EXAMPLE! 
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PREDICT  I  V  E 


Explanation  of  General  Symbols: 

it  Stars  in  the  Basic  Section  represent  paired  converted  temperature  values(CM 

A  Triangles  in  the  Extrapolated  Section  represent  CPT  values  extrapolated  fron 
and  used  to  construct  the  1/620  prediction  curved  line. 

•  Dots  in  the  "Duration”  Section  for  line  "xy”,  identifying  the  CMDMx  60  (on 
values  to  use  in  place  of  12  different  patterns  of  longer  or  shorter  records(l, 

if  Examples  A  and  B  are  discussed  in  Appendix  C. 

I  Examples  Aberdeen  and  Portland  are  discussed  in  the  text,  Sections  6  and 


Figure  2 
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APH  FOR  PREDICTING  FREQUENCIES  OF  DAILY 


AXIMUM  TEMPERATURES 


ROM  10-YEAR  RECORD 


Given  Month  Up  To  10  Years 


Distribution  Of  Daily  Maxima  At  12  Stations 
Areas  In  The  U.SA. 


ONLY 


Extropolotod  Section 
I n crcmcnts,  20  to  100  years 
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long  Records 
Up  to  100  Yeors 
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r  R  E  D  I  C  T  i  V  E 


TEMPERATURES  (CPT) 


verted  temperature  value*(CMDMx  and  associated  CFT  values,  Table  II)  for  the  1/31  curved  prediction  line 

CPT  values  extrapolated  from  the  CPT  trends  i.i  the  45  CMDMx  predictive  patterns  in  the  Basic  Section, 
ved  line. 

lentifying  the  CMDMx  60  (on  the  10-year  vertical  accentuated  line)  represent  predictive  pattern  of  CPT 
of  longer  or  shorter  records(l/93  to  1/3100).  See  text,  Section  12. 


d  in  the  text,  Sections  6  and  14,  respectively. 
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CONVERTED  MEAN  DAILY  MAXIMA  (CMDMx) 


APPSHDIX  D 


TABLE  III  -  PATT3SRBS  OF  OOKVEKZTD  MEAX  QAILT  MAXIMUM  TBtPSRATUHES  (CMMx) 
WITH  ASSOCIATED  CONVERTED  PKEDICTIO*  TBCTOATTOE  VALUES  CPT  KSTED  TO 
A  100 -OUT  SCALE  AID  A  10-T2AR  RECORD,  AID  USED  TO  CALCULm  THE 

PROBABLE  LEVEL  AID  mOBBCY  OF  DAILY  MAXIMUM  TaffERATORBS _ 

Explanation  end  Use: 

1.  This  is  a  table  of  constant  values  taken  from  the  Multiple  Homo¬ 
graph  (Fig.  2).  It  is  presumed  to  cover  (approximately)  the  various 
patterns  of  dally  maximum  temperature  distributions  through  the  $  or  6 
sooner  months.  The  table  is  constructed  tc  resemble  somewhat  the  nomo¬ 
graph  from  which  the  data  tre  taken. 

2.  There  are  Converted  Mean  Daily  Maxima  (CMDMx  36  to  30,  left 
column)  and  associated  with  each  in  the  rectangular  cells  on  the  «"«■  line 
are  (numbers  underlined)  converted  predictive  tenperaturea  (CPT)  which 
probably  will  be  equaled  or  exceeded  in  the  time  span  specified  at  the  top 
of  the  columns.  For  example,  CPT  values  3£  in  column  25/31  is  associated 
with  CMDMx  50  pattern.  The  other  CRT's  (underlined  numbers )  in  this 
pattern  are:  20/31,  W}  15/31,  £2;  10/31,  63;  5/31,  JZ ;  etc.,  to  1/310- 
100  and  1/3100,  115  (19  CPT  underlined  values  associated  with  each 

CMDMx  (36  to  80,  left  margin). 

3.  lotice  that  the  table  centers  00  the  accentuated  double  column 
(1/310)  1  day  in  10  years,  31-0  days,  because  the  nooograpn  was  constructed 
from  36,  10-year  (monthly)  records.  For  this  reason,  the  10-year  Dally  Max¬ 
imum  is  always  ICC-units  on  the  converted  seel*.  Rote  that  CMMl  is 
always  reduced  to  zero  (0)  in  this  study. 

t.  Using  Table  m  for  Predictions.  Example  A  -  10-Tear  Record.* 

(Only  underlined  numbers  on  the  table  are  Involved) . 

Given:  In  May  at  Aberdeen,  Maryland,  during  a  10-year  period: 

AbKx,  95F  MUfct,  7*»F  MOtl,  53F 

Required:  What  May  naxlmtn  temperature  may  be  equaled  or 

exceeded  in  5  years?  30  years?  60  years?  90  years? 


Solution: 


a.  Find  PtDMx 

Formula;  CJGXx 


100  (MMx  ■  MOtt) 
AbMx  -  MINI 


WPKis  example  was  also  discussed  in  section  6,  using  Nomograph 

39 


(Substituting: ) 


100  (7U  -  53) 
95  -  53 


50 


CJOtx  50  is  the  Kay  pattern  for  predicting  Oix  tempera¬ 
tures  at  Aberdeen 

b.  Find  required  CPT's  (converted  predictive  temperatures 
for  required  tine  intervals) 

Method:  Follow  CKHx  50  from  left  margin  to  each 

required  tine  interval  -  indicated  in  column 
heading  at  top  of  nomograph.  These  CPT's  are: 
For  5  yrs,  2§  3°  ^TB>  121 

60  yrs,  112  90  yrs,  Et 

c.  Reconvert  to  *7 

Formula:  (iMx  associated  with  given  frequency) 


CPT-yAbM,  -  MMi)  +  sm 
100 

(Substituting  CPT's  from  b  above:) 

Predicted  5-yr  Max  (l/l55)  2L.ip~Z.52)  +  53  -  93F 

ZvX) 

Predicted  30-yr  Max  (l/930)  1QT  SftyJSiL  +  53  =  98F 

10c 

Predicted  60-yr  Max  (l/'l86o)  S3)  +  53  -  100F 

Predicted  90-yr  Max  (l/2790)  11  **  +  53  -  101F 


Therefore  the  expected  Msy  maxims*  temperature  at  Aberdeen 
in  5  years  will  equal  or  exceed  93?-  In  3°  yrs,  9&F-  In 
60  yrs,  100F  and  in  90  yrs  101F. 

5.  Using  Table  III.  Example  B  -  67-Xear  Record. 

(Humbers  not  underlined  on  the  table  are  involved). 

given:  In  July  at  Kansas  City,  Miss  curl,  during  a  67-year  record: 
k'Mx:  112F  MOKx,  92F  M3li,  71F 


UO 


Required:  What  July  eaxinvHi  teaperature  nay  be  equaled  or  ex¬ 
ceeded  1  day  in:  10  yea re?  3  years?  kO  years? 

6c  years?  90  years? 


Solution: 


a.  Find  the  TO-year  record  CMMx 
Formula:  CUTMx  ■  mJ™*,  f 


(Substituting.:)  “  51*2  or  J£L  (rounded) 

b.  Find  the  10-yr  (iecord)  equivalent  to  OOHx  51  in  70-yr 
colunn 

Method:  Folios  down  th •  70-year  colunn  to  the  nuaber 

51  (not  underlined).  This  is  found  on  the  ClCMc 
56“  line.  Therefore,  the  CMIfa  56  pattern  of  CFT 
values  will  be  used  for  prediction. 

c.  Find  the  required  CFT's  (converted  predictive  tempera¬ 
tures  for  required  tine  intervals)  using  CMOfx  5 6  pattern. 

Method:  As  In  Kxuple  A  above.  These  CFT's  are: 

For  10  yrs,  100  For  3  yrs,  For  40  yrs,  107 
For  60  yrs,  no  For  90  yrs,01 

d.  Find  the  10-yr  (record)  predicted  Absolute  Maxlnrxa 

Formula:  100  (p  yr  AhMx j-TjLjrl MMi)  +  *»! 

P  yr  CFT,  CSCJtx  56* 

*(.Wi  value  is  in  the  70 -yr  colwn,  CWMx56 
line  of  table.  That  is,  the  TO-yr  AhMx  is 
CFT  no  on  the  10-yr  table) 

(Substituting:)  100  (112  -  71)  +  71  *  lOfiF 

no 

e«  Reconvert  to  *?  (using  1C6*F  as  AhMx) 

Formula:  DMx  asoociated  with  given  frequencies : 

CHT  (10-yr  AhMx  -  70»yr  MOtl)  + 
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